P atients who are immobilized during hospitalization experience increased disability, mortality, and cost of care. [1] [2] [3] [4] [5] [6] Patient mobility and activity in the hospital are associated with reduced muscle weakness and physical impairment, decreased thromboembolic disease, lower incidence of atelectasis and pneumonia, and shortened length of stay. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Hence, increasing mobility and activity is important for improving outcomes and reducing health care costs. [1] [2] [3] [4] [5] [6] Identifying inpatients who are safe and appropriate for mobilization can be challenging. 19, 20 Systematic assessment of patients' functional status may assist in identifying patients at risk for poor outcomes due to lack of mobility, which patients are appropriate to mobilize, and if clinician (eg, nurse or physical therapist) assistance is likely needed. Standardized measurement also can provide a common language, across clinician groups (eg, physicians, nurses, and physical therapists) to describe and quantify patient function. 21 Such assessment can help identify functional change during the inpatient stay, evaluate the success of interventions designed to reduce functional limitations, and assist in discharge planning. 22 We developed a framework for functional assessment and mobility promotion for acute care hospitals in which both nurses and physical therapists use the same instruments. Specifically, the Activity Measure for Post-Acute Care (AM-PAC) Inpatient Mobility Short Form (IMSF), also known as the "6-Clicks" instrument, 19 is used to assess limitations in functional mobility, and the Johns Hopkins Highest Level of Mobility ( JH-HLM) 13 is used for documenting actual mobility levels and setting mobility goals.
The interrater reliability and validity of AM-PAC IMSF have been studied when assessed by a physical therapist, 19, 20 but no evidence exists when the tool is administered by nurses nor for test-retest reliability of either clinician. Moreover, the reliability and construct validity of JH-HLM has not been formally evaluated for any provider type. Hence, within the setting of our adult neuroscience inpatient population, the objectives of this study were to evaluate the reliability and minimal detectable change of AM-PAC IMSF and JH-HLM when completed by nurses and physical therapists, and the construct validity of both measures by nurses.
Methods
Institutional review board approval for this study was obtained from the Johns Hopkins University Institutional Review Board, and oral informed consent was obtained from patients (participants). The study setting was two 32-bed adult neurological acute hospital inpatient units in an academic medical center in the United States of America. All clinicians (physical therapists and nurses) involved in the reliability portion of the study had completed 30 minutes of training on how to score both tools. The 30-minute training consisted of reviewing how to score the JH-HLM and AM-PAC IMSF tools with sample clinical scenarios (2 cases based on current patients) for group practice. These scenarios were impromptu cases based on the presenters' clinical experience and were not written down or recorded. This training was conducted in-person to small groups of clinicians (ie, up to 5) by experienced members of the study team. The nurses participating in the construct validity portion of the study had an introduction meeting with the research team for 15 to 20 minutes to introduce the study and confirm participation; they then received training, as a group, on a separate day. This training session lasted 2 hours and included a presentation followed by handson practice and case study discussion (2 cases based on current patients) on how to score the different measurements and record the results. Again, these scenarios were also impromptu cases based on the presenters clinical experience and were not written down or recorded.
Clinician participants included 4 physical therapists and 13 nurses. The reliability portion of the study involved all 4 physical therapists and 8 of the nurses, while the validity testing involved the remaining 5 nurses. Physical therapists had between 1.5 and 30 years of experience, with a median of 3 years; 3 had a DPT degree. The 13 nurses had between 2 and 33 years of experience, with a median of 3.5; 4 had a bachelor of science in nursing, 6 were certified neuroscience registered nurses, 1 was a certified registered nurse practitioner, 1 had a master in business administration, 1 was an adult/gerontology clinical nurse specialist, and 1 had a master of science in nursing. All training of clinicians and testing of participants was conducted in English.
AM-PAC IMSF
The AM-PAC IMSF instrument has 6 questions evaluating a person's need for assistance in completing distinct functional mobility activities. Based on observation or professional judgment of the clinician, each question is scored on a 4-point ordinal scale, where a score of 1 indicates that the person is unable to complete the task and 4 indicates that the person is independent in completing that activity. Hence, the raw score ranges from 6-24, with higher scores indicating less functional limitation. Based on item response theory evaluation during development, raw scores are transformed to a standardized score where the mean is 50 and standard deviation is 10. [23] [24] [25] This standardized score was used in analysis of the present work.
JH-HLM
The JH-HLM evaluates general mobility, over a fixed observation period (eg, a 12-hour nursing shift or a single session with a physical therapist). Scoring is based on a person's observed activity as a 1-item scale with 8 ordinal response categories. Each category is numbered consecutively where 1 = only lying, 2 = bed activities, 3 = sitting at edge of bed, 4 = transferring to chair, 5 = standing for greater than or equal to 1 minute, 6 = walking 10 or more steps, 7 = walking approximately 7.5 m or more (25 ft or more), and 8 = walking approximately 75 m or more (250 ft or more). 13, 26 
Participants
For both reliability and validity portions of this study, the default was for all patients in the neuroscience units to be included except when they met 1 or more of the following exclusions: bed rest due to physician order, requirement for monitoring that precluded mobilization on the day of testing (eg, intracranial pressure monitoring, continuous electroencephalogram monitoring); hemodynamic instability; scheduled to be off the floor for surgery or other procedure; scheduled for hospital discharge on the day of testing; history of combativeness, resistance, or lack of cooperation with mobility; and requiring a mechanical lift to get out of bed.
Reliability Protocol
Procedure. Reliability testing was conducted over 5 nonconsecutive study days in the summer of 2015. On the days of testing, the charge nurse identified all patients meeting eligibility criteria (see above). These participants were then assigned to 1 of 3 clinician teams for the day. Each clinician team consisted of 2 nurses and 1 physical therapist. One of the nurses was designated as the mobility nurse and the other 2 clinicians were designated as observers. Every attempt was made to see each assigned participant twice: once in the morning and once in the afternoon of the same day, similar to the design of prior studies. 20, 27 During each encounter between a participant and the clinician team, the goal was for the mobility nurse to progress the participant's mobility to the highest level possible (using the JH-HLM as a guide) according to the participant's capacity, fatigue, and willingness. The observation nurse was available assist for participant safety. The physical therapist was instructed not to assist unless there was a safety concern not otherwise managed by the 2 nurses.
After the mobility session, each clinician independently scored the AM-PAC IMSF and JH-HLM based on the session. The clinicians were also instructed to also use other sources of information to score the AM-PAC IMSF, including participant self-report, history or documentation in the participant's chart, family report, or verbal report from the participant's nurse. Clinicians were instructed specifically not to discuss or share their scores with each other.
Data analysis. The internal consist ency measure of reliability of the AM-PAC IMSF scores was evaluated separately for scores recorded by physical therapists and by nurses using the Cronbach alpha statistic. Interrater agreement for each item in the AM-PAC IMSF was calculated using a linearly weighted kappa value by comparing the physical therapist to nurse raw score. 28 Test-retest reliability for the total standardized AM-PAC IMSF score and the JH-HLM score was calculated separately for physical therapists, observation nurses, and mobility nurses by comparing morning test scores to afternoon test scores, using a 1-way random-effects intraclass correlation coefficient (ICC) model. Overall interrater reliability for total standardized AM-PAC IMSF and JH-HLM scores was calculated in a single analysis by comparing the morning scores of all 3 clinicians to the afternoon scores of all 3 clinicians using a 2-way randomeffects ICC model. Interrater reliability for pairs of clinician types (physical therapist to mobility nurse, physical therapist to observation nurse, and observation nurse to mobility nurse) was calculated using a 2-way randomeffects ICC model. To have a power of 0.80 with a minimum test-retest ICC of 0.85, a sample size of 57 was calculated. To account for possible dropout an additional 15 participants were planned. This sample size would provide 114 assessments for the linearly weighted kappa analysis and give it a power of 0.92 at a minimum value of 0.70. The standard error of measurement (SEM) and minimal detectable change (MDC) at the 95% confidence level (MDC95) provided an estimate of the minimum change in score that would be beyond the measurement error of the tools. The SEM was calculated using the ICC and standard deviation obtained from the test-retest of clinician morning to afternoon scores, according to the following formula: SEM = SD × [√(1 − ICC)]. 29, 30 The MDC95 was calculated using this SEM according to the following formula: MDC95 = 1.96 × SEM × (√2). 29, 30 Construct Validity Protocol Study measures. Construct validity was evaluated by comparing the AM-PAC IMSF and JH-HLM against 4 other related measures that can be feasibility evaluated in the hospital setting as described herein. First, grip strength ( Jamar handgrip dynamometer; Sammons Preston, Rolyan, Bolingbrook, Illinois) was selected due to its association with impaired functional status, [31] [32] [33] [34] [35] and evaluated as the mean of 3 measurements taken in each hand. Second, the Katz Activities of Daily Living (ADL) Scale was used. 36 This measure has a range of 0 to 6, with higher scores indicating greater independence in physical functioning on the following ADLs: bathing, dressing, toileting, transferring, continence, and feeding. Third, the 2-minute walk test (2MWT) was performed with the total distance walked being recorded in feet. 37 Fourth, a 5-times sit-to-stand (5TSTS) test was performed, with the time to complete recorded. 38 We followed protocols similar to others for administering all tests in this setting. 19, 20, 31, [35] [36] [37] [38] Grip strength was recorded as the mean of 3 measurements from each hand, alternating between hands (eg, right hand, left hand, right hand). The Katz ADL Scale was scored based on observation, discussion with the participant, family, and/or the nurse caring for the participant that day. For the 2MWT, participants initially rested in a chair for more than 10 minutes, wore shoes or hospital-issued socks, and were allowed to use their usual walking aid. For the 5TSTS test, more than 2 minutes of rest preceded testing. The participant was seated in a wheelchair, mobility aids were not used, and participants were not allowed to use their arms to push up or lower down. Finally, the AM-PAC IMSF and JH-HLM were scored as described previously (see earlier section on reliability).
Procedure. Construct validity testing was conducted over 7 nonconsecutive study days during a 3-week period in spring 2016. On testing days, the charge nurse identified all eligible patients. These participants were then assigned to the nurse research team for that day, consisting of 2 nurses and a research coordinator. One of the nurses was designated as the measurement nurse and the other as the assistant nurse. The measurement nurse communicated with the participant, performed testing, recorded results, and communicated with other care providers on the unit.
During each encounter between a participant and the research team, the goal was to conduct testing in the following order: grip strength, Katz ADL Scale, 2MWT, 5TSTS test, JH-HLM, and AM-PAC IMSF. If the measurement nurse needed additional assistance to perform a particular test, the assistant nurse was available. During each encounter, the research coordinator was not to assist with testing, unless there was a safety concern not managed by the 2 nurses.
Data analysis. The Spearman rank order correlation coefficient (ρ) was used to evaluate the association between the standardized AM-PAC IMSF and JH-HLM scores and other tests. 
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Results
Reliability
A total of 118 participants were evaluated by 4 physical therapists and 8 nurses. There were no falls or other safety events during this portion of the testing protocol. Participant characteristics are presented in Table 1 . The mean test scores by clinician type are presented in Table 2 . For the AM-PAC IMSF, the minimum and maximum observed scores were 22.61 and 57.68, and the possible range was 16.59 to 57.68. For the JH-HLM, the minimum and maximum observed scores were 1 and 8, and the possible range was 1 to 8. 
Construct Validity
A total of 69 participants and 5 nurses participated in construct validity evaluation. All participants completed at least 1 test and their characteristics are presented in Table 1 . All patients who were in the units on the day of testing and did not meet exclusion criteria were approached and agreed to participate. With regard to safety, 2 of the tests (5TSTS test and 2MWT) were terminated because participants reported increased dizziness or pain. The results of the 5TSTS test for these participants were then not available for analysis; however, all other tests for these participants were included. There were no falls or other safety events. Four of 69 participants (5.8%) were unable to complete left grip strength testing due to profound left-side weakness. Eleven of 69 participants (15.9%) were unable to complete the 2MWT: 8 cited weakness, 2 declined, and 1 had a leg amputation and limited ambulatory ability. Nineteen of 69 participants (27.5%) were unable to complete the 5TSTS test: 10 cited weakness, 6 declined, and 1 each had pain, dizziness, and an interruption for other medical care. Spearman correlations are reported in Table 6 ; all correlations were statistically significant and ranged from 0.25 between JH-HLM and right grip strength to 0.80 between AM-PAC IMSF and Katz ADL Scale.
Discussion
In this prospective study, we evaluated the measurement characteristics of the AM-PAC IMSF and JH-HLM tools in 2 neuroscience units at an academic medical center. Both tools have excellent interrater and test-retest reliability when scored by either physical therapists or nurses. Convergent validity evaluation suggests that the AM-PAC IMSF and JH-HLM measure constructs of patient mobility and physical functioning. In concert with prior studies, these findings support the use of these tools as a common language for interprofessional assessment of patient mobility and functional limitation in the hospital setting. 19, 20 (9) 10 (14) Infection 8 (7) 1 (1) Degenerative disease 7 (6) 3 (4) Other neurological condition 34 (29) 23 (33) a Data are reported as number (percentage) of participants unless otherwise noted. Interrater and test-retest reliability for both AM-PAC IMSF and JH-HLM were very high for nurses and for physical therapists. The AM-PAC IMSF interrater reliability was slightly higher than prior reports, with no published values for test-retest reliability currently existing. 20 The SEM and MDC (sometimes called smallest detectable change 30 or minimal detectable difference 20 ) provide information on how different 2 scores would need to be to be beyond the error in the measurements, but not whether the difference is clinically meaningful. In the present study, the AM-PAC IMSF SEM was 1.62 and the MDC95 was 4.49; these values are smaller than previously reported. 20 These data will be useful for researchers designing innovative interventions to improve patient mobility and physical functioning in hospital-based clinical trials as well as to help clinicians monitor changes in patient mobility during hospitalization.
The interrater reliability between nurses was a novel aspect of this study. A concern frequently expressed by nurses at The Johns Hopkins Hospital is scoring the question about the patient's ability to climb stairs. However, the reliability of this question was higher than the item about the patient moving from lying to sitting edge of bed, which indicates that nurses score this question similarly to physical therapists and are consistent with other nurses. Compared to the AM-PAC IMSF, reliability for JH-HLM was even higher, likely because the distinction between JH-HLM ordinal categories is clear and objective; for example, either patients can walk more than 10 steps but less than approximately 7.5 m (25 ft) or they cannot. Despite the slightly higher average reliability for the JH-HLM, both tools have such high reliability that we would not conclude that one was better than the other in this regard.
Findings from the construct validity evaluation of the AM-PAC IMSF and JH-HLM provide evidence that they are measuring related, but not identical, constructs. The highest correlation was between the Katz ADL Scale and the AM-PAC IMSF. Even though the AM-PAC IMSF is focused on mobility 19 and the Katz ADL Scale items are mainly activities of daily living, 36 the strong correlation suggests that underlying construct(s) measured by both tools are similar. The correlations between the 5TSTS test and both AM-PAC IMSF and JH-HLM were consistent with the expectation that as patient function and mobility level increase, the time it takes them to complete the task goes down. Fair correlations between grip strength and AM-PAC IMSF and JH-HLM are supportive of strength being an important contributing aspect of function and mobility, but not the only construct measured by these tools, as previously reported. 39 In designing the order of testing there was concern about patient fatigue and tolerance particularly with the 2MWT and the 5TSTS test and how these fatiguing tests could influence the others. For this reason, these tests were placed last.
The scores on these tests may have been higher if they were earlier in the protocol, but this is unlikely to change the relative value and direction of the correlations or our conclusions. When we designed this study, at The Johns Hopkins Hospital nurses were scoring both JH-HLM and AM-PAC IMSF, whereas physical therapists were only scoring the AM-PAC IMSF so the validity testing was fully conducted by nurses. Testing the validity of JH-HLM among physical therapists will be considered for future work. Additionally, the reliability and validity of the Katz ADL Scale has been specifically tested among nurses, 40 but we were unable to find similar studies for the other tests. The 2-hour training that our testers received for administering these other tests may have reduced any measurement error; however, the lack of empirical evidence for nurse reliability when scoring grip strength, 2MWT, and 5TSTS test should be considered when evaluating these results.
There are a variety of tools and methods that already exist to assess functional limitation and mobility of hospitalized patients, but it is rare that the same tools are used in an interprofessional manner. [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] At The Johns Hopkins Hospital the AM-PAC IMSF and JH-HLM provide a consistent and simple interprofessional solution to measure functional limitations and mobility. These tools are currently being used in a complimentary manner, with AM-PAC IMSF providing an assessment of functional limitation and the JH-HLM used for documenting observed patient mobility and to set mobility goals. 13, 26 Use of the JH-HLM in a quality improvement framework has already been shown beneficial for increasing patient mobility in a hospitalized medicine population. 13 During hospitalization, patients may have many providers, so having a reliable method to quickly share their mobility level and goals can ensure effective and efficient communication, and avoid overlooking patients who are declining in status and risk for associated immobility harms. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] There was little difference between morning and afternoon assessments, suggesting that when a patient experiences a sudden drop in their JH-HLM or AM-PAC IMSF score, clinicians should actively investigate the cause of the change. A drop in the mobility score beyond the MDC (AM-PAC IMSF = 4.5; JH-HLM = 0.6) may represent real change and could help clinicians decide when and how urgently to respond. Moreover, since other AM-PAC short-forms can be used in other care settings (eg, outpatient care, home care), their standardized scores can be used to communicate across the continuum. 19, 20, 55, 56 Lastly, the present study highlights that only short educational sessions were required to train providers in administering the JH-HLM and AM-PAC IMSF in a reliable This study has potential limitations. First, these results may have limitations in generalizability since they were collected from a small group of providers and patients in 2 neuroscience units at a single academic medical center. It may be valuable to test the performance of these tools on other patient populations and provider types such as occupational therapists; however, the participants had a broad range of functional impairments, mobility levels, and a variety of surgical, neurologic, and medical diagnoses even though they all had primary neurological diagnoses. Additionally, these results were very similar to those previously published on AM-PAC IMSF from a larger patient sample with different diagnoses. 19, 20 Second, having 1 clinician interact with the participant while the others observed, does not allow for truly independent administration of the scoring protocol. It would have been ideal for each clinician to visit the participant, independently interact with him or her, and produce scores; however, participant tolerance for repeated mobility sessions in this setting prevented this design, and such a testing arrangement may lead to participant fatigue and unintended change in physical performance. Third, 1 of our exclusion criteria was a "history of combativeness, resistance or uncooperativeness with mobility." To evaluate cognition, nurses assessed participant alertness and orientation, and performed the Glasgow Coma Scale on every participant each shift; however, formal cognitive assessment was not performed to determine inclusion or exclusion for this study. Fourth, the total number of eligible and ineligible participants was not collected to compare with the final number enrolled. Although this introduces the potential for selection bias, different charge nurses were involved in assisting with participant selection on the study days and were not aware of the primary aims of the study. Fifth, the dropout rate for the 5TSTS test was greater than expected, reducing the overall sample size for that test. This may have reduced the precision of those estimates, but the values were within the range expected and statistically significant, indicating sufficient power in the analysis. Finally, it is possible that clinicians scoring participants in the morning and afternoon remembered the previous scores of individual participants, inflating the test-retest reliability. The decision of designing the study for same-day retesting was made because the clinical status of patients can change rapidly in the acute care setting and is expected to affect their mobility as well.
In conclusion, the AM-PAC IMSF and JH-HLM had excellent reliability when scored by either physical therapists or nurses in the hospital setting. Validity evaluation of AM-PAC IMSF and JH-HLM suggested that they also measure constructs of patient mobility and physical functioning. A systematic approach to interprofessional standardized measurement can provide a common language to describe and quantify patient functional limitation for clinician teams striving to optimize communication in care planning.
